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INTRODUCTION Introduction
Innovative rms aim to transfer their R&D and other related investments into successful innovations. The success of innovations requires both: the successful completion of the research and development process, resulting in a new or improved product, as well as the acceptance of the product in the market, resulting in commercial success for the rm. Following Griliches (1979) , intangible capital aecting innovation success is mainly shown to be determined by the technological side. Innovation success is inuenced by a rms investment in innovation, its technological capabilities, its absorptive capacities, and the use of external knowledge (Cohen and Levinthal, 1990; Crépon et al., 1998; Lööf and Heshmati, 2002; Peters and Schmiele, 2011; Peters, 2008; Hall and Mairesse, 2006) .
According to this framework, new technology enables the creation of new or improved functional product attributes that speak for themselves. This is at odds with the observation that (potential) customers are not perfectly informed about quality characteristics, prices, or even the existence of product innovations. Consequently, considerable marketing activities might be necessary to overcome information asymmetries in the market. This is in line with the nding that marketing expenditures are responsible for large parts of expenditures for launching innovations (Pavitt, 1985) . In other words, while a rm's technological abilities make a product innovation possible, this product may face a lack of interest among potential customers after its market introduction. Aaker (2007) points out that the branding of an innovation can make all the dierence. This dierence, according to his reasoning, can be the result of several factors: Branding helps to make the innovation visible by attracting interest and recognition. Branding is furthermore able to add credibility to the product innovation and makes communication more ecient. The branding of product innovations also provides the potential to own the innovation. A competitor might oer an imitation of the product innovation, but will need to overcome the power of the brand (Aaker, 2007) . In this sense, branding can be an eective strategy to appropriate the returns of an innovation (Amara et al., 2008) . To sum up, branding might play a crucial role during the commercialisation and might have an important impact on the economic success of a rm's product innovation.
The aim of this paper is to investigate the performance eects of branding on a rm's innovation success. First, I investigate whether the brand strategy of a rm aects the introduction of new products. Second, given that a rm has decided to introduce new product(s), I analyse whether brands are conducive to innovation success, measured in terms of sales with new products. When a rm introduces 2 a new product, it has to make two choices. First, whether the new product is introduced with or without a brand and if it opts for a brand, whether it relies on an established brand or creates a new brand.
Previous studies provide evidence that brands improve a rm's market valuation, productivity and protability (Sandner and Block, 2011; Crass and Peters, 2014; Griths et al., 2011; . To the best of my knowledge, there is no large-scale evidence about the impact of brands on the commercial performance of product innovations. The impact of well-known brands like Coca-Cola, Apple, Google, or Mercedes on the commercial performance of corresponding product innovations supports a positive impact. These global brands are, however, not necessarily representative for the entire economic sector. Do rms on average prot from a branding strategy? This study aims to provide empirical evidence to ll the research gap on the impact of brands on innovation performance by using a representative sample of German rms.
Firm-level data is obtained from the Mannheim Innovation Panel (MIP), which is the ocial innovation Survey in Germany, based on a stratied random sample of legally independent rms in the business sector with at least ve employees. In addition to various innovation indicators, the 2011 survey provides unique information on rms' branding strategies. Firms were asked whether their product innovations were introduced without a brand, under an established brand or a new brand. MIP rmlevel data is furthermore augmented by information on rms' trademark registrations at the German as well as the European trademark oce.
Results show that rms achieve larger performance eects with branded product innovations than with unbranded ones. Beyond this, rms that pursue a brand strategy, have a higher propensity to innovate in terms of the introduction of a product innovation.
Determinants of Innovation Performance
Innovation performance has several dimensions and can be measured quite dierently. Common measures of innovation output are patent applications, the introduction of product and process innovations, cost reductions due to process innovations and the share of sales with innovative products. Patents are indicators for the success of a rm's research activities. A patent indicates that a rm has achieved a new technical invention, that is commercially applicable and has a sucient level of inventiveness. These inventions are not equivalent to new products. A technological invention becomes a product innovation only if it has processed through production and marketing tasks and is diused into the marketplace (Garcia and 3 Calantone, 2002) . However, product innovations do not have to be based on patents.
In fact, just 31% of German rms with product or process innovations used patents to protect their intellectual property (Aschho et al., 2013) . The introduction of a product innovation constitutes an indicator of innovation success, which emphasizes in particular the commercially useful output. The commercial success is measured through a rm's sales share with its product innovations. The share of innovative sales in total turnover captures, in contrast to traditional patent indicators, a direct link between the innovation eort and commercial success (Chudnovsky et al., 2006) . Each product innovator thus has to manage both: the development of a new product, possibly based on a technological invention as well as the commercial success of the product innovation in the marketplace. Both stages are risky and only a fraction of product launches are successful (Hauser et al., 2006) . Firms are interested in maximizing their chances of success. In the following I discuss factors that are supposed to enhance the probability of success.
Investment in Innovation
One of the most important determinants of innovation performance is the extent to which a rm invests in innovation (Crépon et al., 1998; Mairesse and Mohnen, 2002; Grith et al., 2006) . The greater a rm's eorts in innovation activities, the larger the probability of having a product innovation and the larger on average the innovation performance.
The acquisition of external knowledge is crucial to improve a rm's innovation performance. Internal R&D activities are more ecient, if they are combined with external sources. Cassiman and Veugelers (2006) provide empirical evidence for the complementarity of internal R&D and external knowledge-acquisition activities.
They show that external R&D, that is R&D that is contracted out to third parties has a positive eect on the marginal return of internal R&D, and vice versa.
However, outsourcing of R&D can also have a negative impact on innovation performance. Grimpe and Kaiser (2010) argue that over-outsourcing constitutes a serious risk to a rm's innovation success but the negative eects can be mitigated through the extent of internal R&D and the breadth of research collaborations. This nding emphasizes the importance of balancing internal and external innovation activities to maintain a rm's absorptive capacity (Cohen and Levin, 1989) , which is based on its stock of prior knowledge. These ndings also point to cooperation as another source of external knowledge.
Research and development (R&D) alliances opens a wide range of external knowl-4 edge sources. A rm might cooperate with competitors, suppliers, customers, and universities and research institutes to acquire relevant external knowledge for the innovation process. Laursen and Salter (2006) emphasize the role of a rm's search strategy for new ideas that have a high potential for commercial success. They nd that rms who are more open to external sources have more commercial success with their product innovations. Many rms are involved in multiple cooperation alliances. Synergy eects and complementary knowledge from dierent sources can increase the impact on innovation success (Belderbos et al., 2004; Leiponen and Helfat, 2010) . The diversity of cooperation partners increases the eect of R&D alliances (van Beers and Zand, 2014) .
Given that many product innovations fail, a rm is most successful if it pursues several innovation projects (Hauser et al., 2006) . The underlying idea is quite simple:
Pursuing several innovation projects increases the probability that at least one of them will be successful. Klingebiel and Rammer (2014) investigate the eect of dierent resource allocation strategies on innovation performance. They nd that breadth in resource allocation increases innovation performance, that is the more projects, the higher is the likelihood of some innovation success. According to their ndings, rms achieve greater performance if they allocate their nancial resources initially to a broad range of projects and discontinue less successful projects in later stages, leading to the selection of the most successful projects.
To sum up, prior literature has shown that innovation performance is inuenced by the investment in research and development, the various ways to acquire knowledge, and the way to design the innovation process. Apart from these closely innovationrelated factors, a number of other factors are found to be relevant. Hall et al. (2013) nd, for example, that investment in information and communication technology (ICT) is strongly associated with innovation success. They treat ICT in parallel with R&D as an input to innovation and nd both to contribute to a rm's innovation performance.
Another crucial asset for rm performance is brand equity. Brand equity is shown to add to the overall performance of a rm, particularly in terms of productivity, protability and market value (Srinivasan et al., 2011; Griths et al., 2011; Sandner and Block, 2011; Crass and Peters, 2014; , but its contribution to innovation performance is empirically less clear.
Brand Use
Once the rm has managed to achieve market readiness of a new or signicantly improved product, the rm has to decide whether it introduces the product innova-5 tion under a brand and if so, whether it makes use of a new or an established brand.
The market introduction under a brand might enhance the economic success of the product innovation. The brand could even make all the dierence (Aaker, 2007) . This might be due to the fact that a brand generates attention to the product innovation, adds reputation and credibility, and helps to appropriate the returns from the innovation.
Independently of how well a product innovation might meet the needs of customers, they have to be aware of it to purchase it (Srinivasan et al., 2005) . Branding helps to make the innovation visible by attracting interest and recognition (Aaker, 2007) .
In this sense, the product innovation can achieve higher awareness and is easier to (Aaker, 1991; Srinivasan et al., 2011) .
Most product innovations can be imitated by competitors. If the product innovation is linked in the minds of the consumers to the brand, then the brand becomes an integral feature of the product itself. In this case, a competitor not only has to imitate the product, but also to overcome the power of the brand (Aaker, 2007) .
Since a rm can protect its brands by trademarks, which can be renewed indenitely, the power of the brand might constitute a long-term competitive advantage over 6 competitors.
1 This means that the branding of a product innovation provides the potential to better appropriate the returns from innovation because the innovator can achieve a legally protected monopoly over its brand. Hence I expect rms which use brands for product innovations to have a higher innovation success. Eurostat, 2005) . CIS methodology and questionnaires are internationally harmonized across the countries and based on the so-called Oslo Manual (OECD, Eurostat, 2005) . German CIS data provide an additional layer of quality through extensive nonresponse surveys and are considered to be of high quality (Eurostat, 2013) . Further information on the survey methodology, data, and validity is provided by Peters (2008) , Aschho et al. (2013) , and Peters and Rammer (2013) . and Germany's DPMA. All administrative data were matched to the German CIS using assignee name and address information and specialized software developed at the Centre for European Economic Research.
The sample consists of 6,844 rms for which information of their innovation activities is available. The German part of the Community Innovation Survey (CIS) oers 1 The owner of a trademark is given a legal monopoly over the protected word, sign, symbol or other graphical representation in connection with the attached commodity (Economides, 1998; Baroncelli et al., 2004) . 7 some exibility for additional questions in addition to the core questions of the harmonized CIS questionnaire. This exibility was used in 2011 to include a set of questions on a rm's branding strategy.
Product Innovation Performance
The rst dependent variable is a binary indicator for product innovators i.e. rms that have managed to introduce a product innovation into the market between 2008 and 2010. The commercial success of these product innovations is captured through a rm's revenue derived from new product sales in 2010. This second measure reects the acceptance of the innovation in the market and provides a direct link between product innovations and their commercial performance (Chudnovsky et al., 2006; Mairesse and Mohnen, 2010) .
A product innovation is dened as the market introduction of a new or signicantly improved good or service, which is either new or signicantly improved with respect to its fundamental characteristics or technical components. The innovation has to be new to the rm, not necessarily new to the market. This denition captures quite dierent degrees of innovativeness, which can be further distinguished between market novelties (new-to-the-market products) and rm novelties (product imitations). Market novelties are product innovations that have been launched onto the market by a rm prior to any competitor. Imitative product innovations are dened to be new to the rm, but not new to the market (Garcia and Calantone, 2002) . The survey design furthermore allows to distinguish between rm's revenue from new-to-market product sales and new-to-rm (imitative) product sales. The questionnaire provides the percentage of rm sales derived from the introduction of product innovations, as well as the percentage of new-to-market product sales in 2010. The dierence between these two values is, by denition, the percentage of imitative product innovations.
Several studies have used the share of sales with product innovations as dependent variable (Crépon et al., 1998; Chudnovsky et al., 2006; Mairesse and Mohnen, 2010; Grimpe and Kaiser, 2010) . One can argue that with respect to the dependent variable more should always be better. However, a higher percentage of sales with innovative products does not automatically imply better performance. Particularly smaller and single product rms quickly achieve high intensities. Klingebiel and Rammer (2014) therefore propose the use of raw values. The percentage shares are multiplied by a rm's total sales, to obtain the raw Euro value of a rm's product innovation sales. This study follows their suggestion and uses the percentage shares only as a robustness-check. 
The Use of Brands for Product Innovations
As explained in the previous section, brands might play an important role in the commercialization phase of product innovations. The CIS 2011 survey provides unique information about the branding strategy related to product innovation. In addition to the core CIS questions, German rms were asked to report whether its product innovations were introduced without a brand, under an established brand or a new brand. Three dummy variables have been constructed, which indicate whether a rm's product innovation was introduced under an established brand, under a new brand or (the reference category) without any branding. Brands are built over time through a variety of management choices such as expenditures on advertising, promotions, market research, loyalty programs, distribution channel development, product-quality and customer service eorts, and new product development (Kirk et al., 2013) . Marketing expenditures capture an important part of these expenses, including all in-house and contracted out expenditures for advertising and branding, reputation building, conceptual design of marketing strategies, market and costumer research, and the installation of new distribution channels. A rm's marketing intensity is measured as a rm's marketing expenditure per employee.
Control variables
The model contains a number of control variables that might inuence innovation performance and are frequently used as explanatory variables (Crépon et al., 1998; Grimpe and Kaiser, 2010; Klingebiel and Rammer, 2014; Mairesse and Mohnen, 2002) . The number of employees (in logs) accounts for rm size and sales per employee for a rm's level of productivity in 2008. One of the most important determinants of innovation performance is innovation eort. The more a rm spends on innovation, the more product and process innovations might be developed. Innovation intensity, measured as the total amount of innovation expenditure per employee, is therefore included as additional control variable in order to account for dierences in innovation eort. The dummy variable process innovation indicates whether innovation expenditures are at least partly assigned to process innovations.
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The stock of prior knowledge creates the basis for a rm's absorptive capacity (Cohen and Levin, 1989) , which is captured through a rm's patent stock and a dummy variable, indicating continuous R&D activities. R&D is conducted on a continuous base by about half of the product innovating rms. Whether a rm does R&D continuously is direct information from the survey. The patent stock is calculated from the annual time series of patent applications at the European Patent Oce using the perpetual inventory method with a discount factor of 0.15 (Griliches and Mairesse, 1984; Hall, 1999) . Roughly one out of ve product innovater (23%) have patent applications. Taking the logarithm of the patent stock yields missing values for all observations with no patents at all. The value of these missings is set to zero and a dummy variable indicating a rm without patents is added in the regression.
The acquisition of external knowledge is captured by two dummy variables. The rst dummy variable external R&D indicates that a rm contracts R&D out and the second dummy variable cooperation indicates that a rm has innovation alliances with competitors, suppliers, customers, or universities and research institutes.
Human capital is an important input factor in a rm's innovation process. High skilled labour, the proportion of employees with a university degree, captures an important dimension of human capital in rms. About 25% of the employees of product innovating rms have a university degree, while this proportion is considerably smaller for non-product innovators at about 15%. The typical length of a rm's product life cycle is supposed to have an inuence on the frequency of a rm's market introductions. The shorter the typical life cycle of products is, the larger should be the sales share with its product innovations. To control for the typical life cycle, I make use of a rm's assessment of whether its products are quickly outdated. The survey asked respondents to state on a four-point Likert scale (zero=does not apply at all, to three=does apply fully) whether the rm's most important products and services are quickly outdated. The variable quickly outdated represents the industry average of rms that have marked the highest category.
I also control for several basic rm characteristics. Firm age is measured as the log of years since the rm's foundation. A region dummy indicates whether the rm's headquarter is located in East Germany and an exporter dummy whether the rm serves international markets. Firms which belong to a group of companies can make use of the resources of the group and thus gain from synergy (dis)advantages.
Increased intragroup synergies can lead to higher innovation output. An indicator variable group is therefore included. Furthermore, I include 12 industry dummies to control for industry characteristics that are not measured by the other structural variables. Firms are assigned to these industries on the basis of their most important activity. Detailed descriptions of the variables are provided in Table 6 in the 11 The rst column provides mean and standard error of the main variables for the full sample, the second column for the subsample of product innovating rms, and the third column provides the dierence between product innovating and non-product-innovating rms. 
EMPIRICAL STRATEGY AND RESULTS

4 Empirical Strategy and Results
The study aims at shedding light on the question how brands impact innovation performance. Innovation performance, however, can be observed only for those rms that have accomplished the market introduction of a new or signicantly improved product. This group of product innovators is not randomly assigned, which is why we have to address a potential selection bias. A Heckman sample selection model, which is also referred to as Tobit type II model, is estimated to control for selection bias. The model is specied with two equations: the rst one explains the propensity to introduce a product innovation. Given that a rm has introduced a new product, the second equation explains the innovation performance in terms of sales with these product innovations.
In the rst stage I investigate the determinants that lead to product innovations.
Firms have to decide to invest in innovation and have to be successful in accomplishing the innovation process to introduce a new or signicantly improved product.
Following the literature of a rm's propensity to launch a product innovation (e.g. Crépon et al., 1998; Klingebiel and Rammer, 2014) , the following explanatory variables are included: rm size, lagged level of rm productivity, rm age, a rm's absorptive capability (measured by its lagged patent stock and the share of high skilled labour), the market environment (captured by the assessment whether its products are quickly outdated and whether the rm serves international markets), and whether the rm belongs to a group. Product innovations might be caused by brands (Crass, 2014) . To mitigate potential endogeneity problems, I include the three-year lagged trademark indicator in the selection regression.
The specication of the selection equation should include a so-called exclusion restriction, so that the identication of the model is not based solely upon the nonlinearity in the functional form (Cameron and Trivedi, 2009) . A variable which serves as exclusion restriction provides an independent source of variation in the probability to introduce innovations and does not aect innovation performance directly. A rm's market share and the degree of a rm's product diversity meet these requirements. The larger a rm's market share, the more likely it is that a rm introduces a new product while the market share does not aect the absolute amount of innovative sales. Indeed, when we additionally include market share in the second stage, we do not nd a signicant impact though this is not a formal test of the validity as exclusion restriction. Likewise, I expect the degree of product diversity to have an impact on the propensity to introduce a product innovation, since a more diverse rm has more chances to improve its products and services. Product diversity has, however, no impact on the economic success of product innovations (Crépon et al., 14 1998 ). This qualies product diversity to serve as exclusion restriction as well.
In Table 3 presents the full maximum likelihood estimates of the above described Heckman model. Since this study makes use of cross sectional data, the results should be interpreted as associations rather than causal eects. The specication is gradually enriched by including marketing and brand use. Columns (1), (3), (5), (7) more diverse the product portfolio of a rm, the more likely is the introduction of a product innovation. Firms with a larger market share innovate more and rms operating in an industry with quickly outdated products and services are also more likely to introduce product innovations. The dierences in the propensity to innovate are also jointly signicant across industries.
Impact of Brand Use on Innovation
Given that the rm has introduced a product innovation, the commercial success with these innovations is investigated in the second stage. Column (1) of Table 3 shows the result for innovative sales. Not surprisingly, it turns out that larger as well as more productive rms are associated with higher innovation performance.
With respect to the control variables, the results show, as could be expected, that the higher the innovation intensity, the higher a rm's innovation performance in terms of innovative sales. The same is true for the share of high skilled labour, which captures another important input factor for a rm's innovation activities.
The introduction of a process innovation adds to the innovation performance and the patent stock shows also signicantly positive eects. Surprisingly, the fact that a rm conducts R&D on a continuous basis or acquires external knowledge through external R&D or R&D cooperation show no signicant impact. These indicators might have an inuence in the earlier stage of the research and development process, but not in the commercialisation of product innovations. Firms that operate in foreign markets achieve higher sales with innovations, while rms that operate in markets where products and services are quickly outdated do not yield higher innovation success.
The results of main interest concern a rm's choice to introduce innovations under brand names onto the market. The specication presented in Column (3) includes additionally brand use as well as marketing intensity. The results show that the use of a brand has a highly signicant impact on innovation performance. The market introduction of a product innovation is associated with about 24% higher sales if the rm uses a brand. Marketing intensity improves also the commercial success with product innovations. The highly signicant coecient of marketing intensity is furthermore several times higher than the coecient for innovation intensity.
Considering marketing and brand use leads to considerably smaller coecients of innovation intensity, while the coecient of the patent stock is also smaller and shows only slightly signicant eects.
Another striking result with respect to our research question is that the probability of introducing a product innovation is associated with a rm's brand strategy. Whether a rm pursues a brand strategy is captured through a dummy variable indicating at least one registered trademark in 2007. Column (4) shows that rms which have invested in brand protection through trademark registrations in the past, are more 17 likely to introduce further product innovations in the future.
Brand use can be distinguished between the use of an established brand or the use of a new brand to introduce product innovations onto the market. Column 5 presents the estimates of the specication that makes this distinction. The market introduction under an established brand shows a highly signicant impact on innovation performance. This underlines the potential of an established brand to achieve awareness, the perception of desirable overall quality, and favorable associations to promote new products (Keller and Lehmann, 2006 ). An established brand is in this respect an important asset that is associated with about 35% larger sales with product innovations and constitutes an important competitive advantage.
Our results show on the contrary that product innovators that use a new brand for market introduction do not outperform product innovators that do not use brands for product innovation in the rst three years after market introduction. Admittedly, we do not know the exact year of market introduction within the three-year period.
Thus for some rms we probably measure the eect within a shorter period after 
Impact of Brand Use by Degree of Innovation
Product innovations can be distinguished between those that are new-to-the-market and those that are not. If a product innovation is not new-to-the-market, but newto-the-rm, it is considered as an imitative product innovation. The impact of the use of a brand on the performance of a product innovation might dier between these two categories of innovativeness. Columns (1), (3), (5) of Table 4 present results for the second stage using total amount of innovative sales, sales with market novelties 18 and sales with imitative products. Columns (2), (4), (6) Table 4 shows in Column (3) the impact of brand use on the performance of market novelties. Like for product innovations, the use of a new brand has no signicant eect. However, in contrast to prior ndings, established brands show no signicant impact for market novelties anymore. This might be explained by the higher level of uncertainty that market novelties have. It might also be the case that the reduced sample (only about half of the product innovators introduce market novelties) is too small, to obtain a signicant eect. Even if the reduced sample size increases standard errors, we also observe the coecient to be much smaller than in Column (1).
Thus, the results indicate that the reputation of a rm's established brand is not easily transferable to market novelties.
Turning to imitative innovations in Column (3), the use of a new brand has still no signicant eect, but the use of an established brand has a highly signicant impact on the market performance of imitative product innovations and is associated with 32% larger sales with imitative products. 
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Impact of Brand Use by Firm Size
The impact of brands might dier between smaller and larger rms. Larger rms might be able to establish a brand in the market more easily because of greater nancial resources and better distribution channels. In order to see whether size matters for the impact of brand use, the sample is split at the median number of employees (31 employees) to investigate dierences between smaller and larger rms.
The split sample analysis shows that the estimates for the impact of brands on the performance of product innovations as well as on the performance with imitative products do not dier much between smaller and larger rms (see Table 9 in the Appendix). The use of an established brand is always associated with about 34%
to 39% larger sales.
The dierences are more striking for the performance with market novelties (see Table 5 ). The introduction of a market novelty under an established brand has no signicant impact in the full sample, as well as in the sub-sample of larger rms, but has a signicantly positive impact for the sample of smaller rms. As mentioned, one might expect the eect of established brands on the success of market novelties to be larger for large rms. However, and most strikingly, we nd no impact of established brand on innovation success with new-to-market product for large rms. It is only in smaller rms, where we nd a positive relationship. Smaller rms achieve with respect to these results about 39% larger sales with market novelties, provided that the market novelty is introduced under an established brand.
Furthermore, the introduction under a new brand is signicantly negatively associated with the performance of market novelties for smaller rms. A smaller rm achieves about 53% less sales with market novelties. This points to the fact that the creation of a brand takes time and shows that at least in the short-run negative performance eects are possible.
Another interesting nding is that marketing activities signicantly enhance performance only for larger rms. Innovation intensity and skilled labour associated with signicantly higher sales with market novelties in the sample of larger but not in that of smaller rms. share on total sales, is a widely used alternative measure for innovation performance (Crépon et al., 1998; Mairesse and Mohnen, 2002) . Using the share of sales with innovations as dependent variable yields results which are properly comparable. The model specication is exactly identical to the base line model to ensure comparability. The introduction of an innovation under a new brand is again not correlated with innovation performance. An established brand, however, has a highly signicant impact on the performance with product innovations, imitative innovations, as well as market novelties. The signicant eect on market novelties is the most important dierence to the base model. Table 10 in the Appendix provides the results in full detail.
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Concluding Remarks
A rm has to decide whether it uses brand names to introduce its product innovations into the market place. Branded product innovations have the potential to achieve a higher level of awareness among the target audience, might prot from the reputation of the brand, and allow a rm to better appropriate the returns from its innovations (Aaker, 2007) .
This study makes use of the German contribution to the Community Innovation 
